What is claimed is; 
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An electronically self -addressable device, comprising: 
a substrate; 

an electrode , said electrode being supported by 
said substrate; 

a current source operati\fely connected to said 
electrode; and 

an attachment layer adjacfent to said electrode, 
wherein said layer is permeable to a counterion but 



not permeable to a molecule ca 
binding to said electrode anj 
attaching a macromolecule 



The electronic device of 
permeation layer, said permeat 
between said attachment layer 

The electronic device of claim 
source comprises a direct 




curr< ant 



The electronic device of claim 
substrate comprises a member s 
consisting of silicon, glass, 
plastic, and ceramic. 

The electronic device of claim 
substrate comprises a base and 



of insulating or 
ayer is capable of 



her comprising a 
being disposed 
ectrode . 



1, wherein said current 
source. 



1, wherein said 
fleeted from a group 
ilicon dioxide, 



si 



1, wherein said 

an overlying insulator. 



The electronic device of claim 
comprises a member selected fr<J>m 
silicon, glass, silicon dioxide 



5, wherein said base 
a group consisting of 
plastic, and ceramic. 
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7. 



8, 



9. 



10. 



The electronic device of c]Jaim 5, wherein said base 
consists of silicon. 

The electronic device of cflaim 5, wherein said 
insulator comprises siliccn dioxide. 



The electronic device of 
substrate comprises a 
board. 



10 



The electronic device of 
electrode is capable oj 
to said attachment leaver, 



circuit 



laim 1, wherein said 
pattern or circuit 



aim 1, wherein said 
oving a charged macromolecule 



o 

5 T 



11, 



15 



The electronic device of | cl&ziff V. wherein said 
electrode is capable^fpimul1ia[a^^^y moving a 
charged first macromolecAile to \sa&dT attachment layer 
and removing a second macromolecule having the 
opposite charge to said first macromolecule from said 
attachment layer. 



12. The electronic device olf claim 2, wherein said 
permeation layer comprises aminopropyltriethoxy 
silane. 

20 13. The electronic device of claim 2, further comprising a 
buffer reservoir disposed between said permeation 
layer and said electro le. 

14. The electronic device of claim 1, wherein the 

attachment of said macromolecule to said attachment 
25 layer does not insulate said electrode. 



# 
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15. The electronic device bjf claim 1, wherein said 
electrode comprises a material selected from a group 
consisting of aluminum, gold, silver, tin, copper, 
platinum, palladium, carbon, and semiconductor 
materials. 

16. The electronic device of! claim 1, wherein the 
electrode comprises a majterial selected from a group 
consisting of aluminum, bold, silver, tin, copper, 
platinum, palladium, carpon, and semiconductor 
materials. 



1U 



17, 



15 



20 



18, 



The electronic device of claii 
attachment of a binding entity/ 
layer does not insulate said eled 



therein the 
said attachment 
roc 



An electronically self-a; 

a substrate; 

a plurality of e 
being disposed upon 

a current sourc 
plurality of electrodes; 

an attachment layer 
wherein said layer is pe 
not permeable to a molec 
binding to each said ele 
capable of attaching a m 



idressrale device, comprising: 



ckrodes, each said electrode 
aidl substr$ 

;ively connected to said 
and 

adjacent each said electrode, 
bneable to a counterion but 
tie capable of insulating or 
ptrode and said layer is 
Icromolecule . 



25 19. The electronic device of claim 18, further comprising 
a switch controller whicn connects said current source 
to said plurality of eledtrodes. 
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10 



20. 



21. 



22, 



The electronic device of cla 
a permeation layer disposed 
layer and each said electrode 



im 18, further comprising 
between said attachment 



The electronic device of cla:.m 18, wherein each said 
electrode comprises a material selected from a group 
consisting of aluminum, goldi, silver, tin, copper, 
platinum, palladium, carbon,J and semiconductor 
material. 



The electronic device op cl\ 
an electronic insulatiMe malteri 
said plurality of electr 



im 18, further comprising 
disposed between 



S w 



15 



23. The electronic device of claiml l?y>~tfherein said 
plurality of electrodes arprang^d / in an array. 

24. The electronic device of claims 18, further comprising 
a cavity for holding a solution comprising an entity 
selected from a group consisting of binding entities, 
reagents, and analytes. 



25. The electronic device off claim 18, wherein specific 

binding entities have be/en selectively transported and 
20 bound to said plurality jof addressable binding 

locations, forming an addressed active location 
device. 



25 



26. The electronic device <4f claim 18, wherein the width 
of the binding locations on the device is between 0.5 
microns and 200 microm 
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27. The electronic device of claim 1/8, wherein the width 
of the binding locations on the/ device is between 5 
microns and 100 microns, 

28. The electronic device of claifrn 18, wherein said 
plurality of binding locations is arranged in a two 
dimensional array. 



29. 



30, 



The electronic device of c^Laim 18, wherein said 
plurality of binding locations is arranged in a three 
dimensional array. 



The electronic deviq 
a computation syst 
electronically coj/inect£d to s 
locations. 



claim 18, further comprising 
erein said system is 

lurality of binding 



31. The electronic deviqe of cle 
computation system Js connec 



'wherein said 
said electrodes, 



32. Method for electronically controlling nucleic acid 
hybridization, comprising the steps of: 

providing a location connected to an electrical 
source ; 

contacting a first nucleic acid with a second nucleic 
acid, wherein said second nucleic acid is attached to said 
location; and 

placing said location at a negative potential for a 
sufficient time, wtterein said first nucleic acid is removed 
from said second rUicleic acid if said first nucleic acid is 
a non-specific nucleic acid sequence to said second nucleic 
acid, but not remdved if said first nucleic acid is a 
specific nucleic jacid sequence to said second nucleic acid. 
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33. The method of claim 32 , where: 
nucleic acid and said second nucle/ 
solution. 
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both said first 
acid are in a 



34. The method of claim 32, further comprising the step of 
placing said location at a positfive potential before 
placing said location at a negative potential, thereby 
concentrating said first nucleic acid on said location. 

35. The method of claim 32, wherein said negative 
potential is increased or decreased incrementally. 



36. The method of claim 32 
nucleic acid sequence has. 
said second nucleic acic 



whereip^ said non-specific 

ich with the sequence of 



37. The method of claim J"2T < wh 
acid consists of no more /than 



said first nucleic 
seven nucleotides. 



38. The method of claim 32, wherein said first nucleic 
acid consists of no less than 22 nucleotides. 

39. The method of claam 32, wherein said first nucleic 
acid consists of between 7 and 22 nucleotides. 



40. The method of claim 32, wherein said first nucleic 
acid comprises a detectable element. 



41. 
acid 



The method of claim 32, wherein said first nucleic 
comprises a fluorophore. 



110 



207/263 
PATENT 



42. The method of claim 41, wherein saad fluorophore is 
selected from a group consisting of T^xas Red and 
fluorescein. 

43. The method of claim 32, whereof said first nucleic 
acid comprises a deoxyribonucleoti&e. 

44. The method of claim 32, whefrein said first nucleic 
acid comprises a ribonucleotides 



45. The method of claim 
acid comprises a modif i/ 



nuj 



/herein said first nucleic 
:leotide. 



46, 
of; 



The method of claim 33, further comprising the steps 



adding a detectable /aye ii 
dye binds to double-stranded, 
affinity than single-st^ande? 

determining the l£vel 
first nucleic acid ana said{ 



Lid solution, wherein said 
lie acid with higher 
jfeleic acid; and 

.zation between said 
nucleic acid at said 



location by measuring the level of said dye at said 
location. 

47. The method of /claim 46, wherein said dye comprises 
ethidium bromide. 



48. The method <pf claim 33, further comprising the steps 
of: 

adding a detectable dye in said solution, wherein said 
dye gives a stronger detectable signal when in contact with 
a double-stranded nucleic acid than with a single-stranded 
nucleic acid; /and 
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determining the level of hybrid Ration between said 
first nucleic acid and said second nucleic acid at said 
location by measuring the level of ±aid detectable signal 
of said dye at said location. / 

49. The method of claim 48, wherein said dye comprises 
ethidium bromide. / 

50. The method of claim 33, wherein said solution 
comprising a third nucleic acid/ consisting of a non- 
specific nucleic acid sequence/ to said second nucleic acid. 

51. The method of claim 50, /wherein^the concentration of 
said third nucleic acid is more th£nyl,000 fold of the 
concentration of said fir sty nucle3pPli|cid. 

52. The method of claim 32, whd^iiKsarid first nucleic 
acid consists of seven niicleoti^gi^ 

53. The method of claim 32, wherein said first nucleic 
acid consists of betweefn 5 and 7 nucleotides. 

54. The method of claim 32, wherein said first nucleic 
acid consists of 22 nucleotides. 

55. Method for electronically controlling nucleic acid 
hybridization, comprising the steps of: 

providing a location connected to an electrical 
source ; / 

contacting a plurality of nucleic acids with a target 
nucleic acid, wherein said target nucleic acid is attached 
to said location; and 
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placing said location at a negative potential for a 
sufficient time, wherein a non-specific nucleic acid 
sequence to said target nucleic aaid but not a specific 
nucleic acid sequence from said plurality of nucleic acids 
is removed from said target nucleic acid. 

56. Method for electronically concentrating an 
electrically charged entity in /a solution at a location, 
comprising the steps of; I 

contacting said solution /with a first location 
including a first underlying electrode, and a second 
location including a second underlying electrode; and 

placing said first location at an opposite charge to 
said entity, relative to sajrd} second location, thereby 
concentrating said entit^ an said^jQirst location but not 
said second location, f / 

57. The method of claim 56, furrh^r^jxjfnprising the step of 
placing said second location at the same charge to said 
entity. / 

58. The method of claim 56, further comprising the step of 
forming a covalent bond between said entity and an 
attachment layer at said first location. 

59. The method of claim 56, wherein said entity is a 
nucleic acid and saifd first location is charged with 
positive potential./ 

60. The method of /claim 59, wherein said second location 
is charged with negative potential. 
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61. The method of claim 56, wherein the /concentration of 
said entity at said first location is mdre than 10 times of 
that of said entity at said second location. 

62* The method of claim 56, wherein the concentration of 
said entity at said first location is more than 1,000 times 
of that of said entity at said secoiyi location. 



63. The method of claim 56, wherein the concentration of 
said entity at said first location is- more than 10 6 times 
of that of said entity at said second location. 

64. The method of claim 56, further comprising the step of 
attaching said entity to said Jt ir^^/ocation. 



65. 



>ortin 



a charged 
ocation to a second 



with said first and 



Method for electronically t 
entity in a solution x*T*siia 
location, comprisir>g we s 

contacting sa 
second locations; 

placing said Mrst location at an opposite charge 
to said entity, relative to said second location, 
thereby transport/ng said entity to said first 
location; and 

thereafter/ placing said second location at an 
opposite charge to said entity, relatively to said 
first location, thereby transporting said nucleic acid 
from said first location to said second location. 



66. The method of claim 65, wherein said entity is a 
nucleic acid. / 
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67. The method of claim 65, further comprising the step of 
attaching said entity to said second /location. 



68. Method for electronically controlled synthesis of 

biopolymers on a plurality of /locations, comprising 
the steps of: 

providing a plurality op reaction locations on a 
substrate, wherein each reaction location is 
individually electronically addressable; 

forming an attachment/ layer upon each reaction 
location; 

contacting said plurality of reaction locations 
with a solution compriswig a charged monomer-A; 

selectively biasing a designated A location at 
which reaction A is to /occur at an opposite charge to 
monomer-A, and biasing anq£fiSx?/location at which no 
reaction A is to occur the charge as monomer-A, 

thereby concentral^^B and i/e^ting^ltionomer A on said A 
location; 

thereafter, \reftnov^H§ the unreacted monomer-A from 
said plurality of reaction locations; 

contacting said plurality of reaction locations 
with a solution comprising a charged monomer-B; 

selectively biasing said A location at the 
opposite charge/ of monomer-B, and biasing another 
location at which no reaction B is to occur the same 
charge as monomer-B, thereby concentrating and 
reacting moncjrmer B on said A location to form dimer A- 
B. 



69. The method/of claim 68, wherein said monomer-A 
consists of a nucleotide and said monomer-B consists of a 
nucleotide. / 
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70. The method of claim 68, wherein said /monomer-A 
consists of an amino acid and said monomer-B consists of an 
amino acid. / 

71. Method for replicating a master self -addressable 
electronic device addressed with specific nucleic acid 
sequences, comprising the steps' of: 

providing complimentary sequences to said 
specific nucleic acid sequences and hybridizing said 
complimentary sequences to said specific nucleic acid 
sequences addressed on said mastBP^tlev^ce; 

aligning unaddressedr^locations on a recipient 
self-addressable electronic device with the addressed 
locations on said master /device; and 

biasing the locatimrs—orr^said master device 
negative and the locatrons on/iaid recipient device 
positive, thereby tra^por±in<2/ said complimentary 
sequences to said unaddr essed VJcjpsiJtions on said 
recipient device. / iy 

72. The method for replicating patterned sequences of 
claim 71, further /comprising the step of providing a 
positively charged chaotropic agent or denaturant of 
denature the complimentary sequences from the master 
template. / 

73. A self-addressable electronic device for genetic 
typing, comprising: 

a plurality /of electronically addressable locations 
each comprising fan electrode; and 

a binding yfentity attached to each of said plurality of 
locations, wherein each said entity is capable of detecting 
the presence of a genetic sequence. 
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74. The self-addressable electronic device of claim 73, 
wherein said genetic sequence is a nucleotide sequence. 

75. The self -addressable electronic device of claim 74 , 
wherein said nucleotide sequence is a cDNA sequence. 

76. The self -addressable electronic device of claim 74, 
wherein said nucleotide sequence Ls a genomic DNA sequence. 

77. The self-addressable electronic device of claim 74, 
wherein said nucleotide sequence is an mRNA sequence. 

78. The self-addressable electronic device of claim 74, 
wherein said nucleotide secmencfe/JLs a cRNA sequence. 

79. The self-addressable/ 4 
wherein said genetic seaiien 



80. The self-addrefssafcle electp^nic device of claim 73, 
wherein each said Mrtding eptity attached to each said 
plurality of locaticmsTTs the same. 

81. The self-addffessable electronic device of claim 73, 
wherein a said binding entity is different from another 
said binding entity. 

82. Method f<6r electronically controlled genetic typing, 
comprising the steps of: 

providing a plurality of electronically addressable 
locations each comprising an electrode; 

attaching a binding entity to each of said plurality 
of locations, wherein each said entity is capable of 
detecting the presence of a genetic sequence; 




evice of claim 73, 
amino acid sequence. 
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contacting a sample with said plural/ity of locations;. 

determining the genetic profile of ysaid sample by- 
detecting the presence or absence of said genetic sequence 
at each of said plurality of location^. 

83. Method for electronically controlled enzymatic 
reaction at an addressable location, comprising the steps 
of: / 

providing an electronically/addressable location 
comprising an electrode; / 

contacting a substrate with said location; 

placing said location at/an opposite charge to said 
substrate, thereby concentra^inc^gaid substrate on said 
location; V )C | 

attaching said sj*J)stmt^ tfo *a(id location; 

contacting an dnzymef witly sati^^fedation; 

placing said location at (ar/opposite charge to said 
enzyme, thereby ccmcenprating said enzyme on said location; 

and ^^L^^^^ 

allowing said enzyme to react with said substrate on 
said location. / 

84. The method or claim 83, wherein said substrate 
comprises a nucleic acid. 

85. The methc^a of claim 83, wherein said enzyme comprises 
a restriction enzyme, a ligase, a proteinase, a 
glycosidase/ or a phosphorylase. 

86. The method of claim 83, wherein said enzyme comprises 
a DNA polymerase. 



• 
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87. The method of claim 83, wherein s^Ld enzyme comprises 
an RNA polymerase. 

88. The method of claim 83, wherein/said enzymatic 
reaction comprises an enzymatic digestion of a nucleic 
acid. 

89. The method of claim 83, whenkin said enzymatic 
reaction comprises synthesis of jk nucleic acid. 

90. The method of claim 83, wherein said enzymatic 
reaction comprises synthesis of a polypeptide. 



91. Method for electronically controlled amplification of 
nucleic acid, comprising the sjfe^sT^f: 

(1) providing an ele^froyfi^lly addressable location 
comprising an electrode^ 

(2) providing ajr ol/Lgoi/uc^^pfeafde primer Y attached to 
said location; 

(3) contacting a swingle stranded nucleic acid X with 
said location, wherein /said primer Y specifically 
hybridizes to said nualeic acid X; 

(4) placing said location at an opposite charge to 
said nucleic acid X,/ thereby concentrating said nucleic 
acid X on said locajcion and hybridizing said nucleic acid X 
to said primer Y; 

(5) contacting a nucleic acid polymerase with said 
location; 

(6) placing said location at an opposite charge to 
said polymerase/ thereby concentrating said polymerase on 
said location and allowing said polymerase to synthesize a 
nucleic acid V from said primer Y on said location; 



# 
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(7) placing said location at a negative potential for 
a. sufficient time to remove said nucleic acid X from said 
location; / 

(8) contacting an oligonucleotide primer X with said 
location, wherein said primer X specifically hybridizes to 
said nucleic acid Y; / 

(9) placing said location at /an opposite charge to 
said primer X, thereby concentrating said primer X on said 
location and hybridizing said primer X to said nucleic acid 

Y; / 

(10) placing said location /at an opposite charge to 
said polymerase, thereby concentrating said polymerase on 
said location and allowing saLa polymerase to synthesize a 
nucleic acid from said primer/ X on said location. 

92. Method for electronjrdally controlling binding between 
macromolecules, comprising/ the suenjB ofy 

contacting a charged/ f irst jp^eTomolecule with a second 
macromolecule in a mirecfccurf^nt electric field, wherein 
said second macr omo lecule is attached to a location; 

placing said location at a potential opposite to the 
charge of said first macromolecule for a sufficient time, 
wherein said first macromolecule is removed from said 
second molecule if said first macromolecule does not 
specifically bind to said second macromolecule, but not 
removed if said first macromolecule specifically binds to 
said second macromolecule, 

93. The methocy of claim 92, wherein said first 
macromolecule is a polypeptide. 

94. The method of claim 92, wherein said first 
macromolecule is a nucleic acid. 



